A 69-year-old woman who presented with severe renal dysfunction and diffuse alveolar hemorrhage was diagnosed with pulmonary-renal syndrome (PRS) based on the coexistence of serum myeloperoxidase (MPO)-antineutrophil cytoplasmic antibodies (ANCA) and anti-glomerular basement membrane (GBM) antibodies (Ab). Hemodialysis was started; plasma exchange and intravenous methylprednisolone pulse therapy were administered followed by oral prednisolone administration. Pulmonary hemorrhage decreased; however, renal dysfunction persisted. On maintenance hemodialysis and prednisolone therapy, MPO-ANCA and anti-GBM Ab became negative at 4 and 10 months, respectively; thereafter, they became positive again at 18 and 35 months, respectively. At 36 months, there was relapse of pulmonary hemorrhage. Plasma exchange and intravenous methylprednisolone pulse therapy were administered; pulmonary hemorrhage ceased, and both antibodies became negative. It is known that PRS cases that are double positive for ANCA and anti-GBM Ab occasionally relapse after remission, and, even though they are double positive at initial diagnosis, most relapses occur with reappearance or re-elevation of ANCA but with absence of anti-GBM-Ab. Therefore, this was a rare relapsing case that presented with double-positive serology. Further, our observation that the reappearance of ANCA preceded that of anti-GBM-Ab suggests that ANCA contribute to the reproduction of anti-GBM Ab.
Introduction
Pulmonary-renal syndrome (PRS) is a life-threatening condition defined as rapidly progressive glomerulonephritis (RPGN) and lung hemorrhage. PRS is histologically characterized by necrotizing and crescentic glomerulonephritis and pulmonary capillaritis [1] . The two common causes of PRS are anti-glomerular basement membrane (GBM) disease and antineutrophil cytoplasmic antibody (ANCA)-associated disease (AAV), including microscopic polyangiitis, granulomatosis with polyangiitis, and eosinophilic granulomatosis with polyangiitis [1] . Anti-GBM disease and AAV have different etiologies; anti-GBM antibody (Ab) deposition on GBM is relevant to the pathogenesis of anti-GBM disease, while ANCA-induced neutrophil activation underlies the pathogenesis of AAV [2] . However, anti-GBM-Ab and ANCA co-exist more commonly than expected to occur by chance in PRS or RPGN patients. One-fifth to one-half of anti-GBM disease patients have ANCA, and up to 10% of AAV patients possess anti-GBM Ab [3] [4] [5] [6] [7] . Further, doubleseropositive patients show clinical and histological features that are distinct from those observed in single-seropositive patients (with presence of either antibody) [3, 4, 7, 8] . The double-seropositive patients occasionally relapse, similar to AAV patients, while relapse is rare in the anti-GBM Ab single-positive patients [3, 9] . It is noteworthy that even though they are double-seropositive at initial diagnosis, most relapses occur with reappearance or re-elevation in ANCA but without presence of anti-GBM Ab [3, 9, 10] . Thus far, only one case has been reported to be double-seropositive at onset and double-seropositive again at the time of relapse [3] . However, for this case, the time course of each Ab titer before relapse was not described. Here, we present a case of a rare double-seropositive PRS patient who relapsed after sequential reappearance of MPO-ANCA and anti-GBM Ab.
Case report
A 69-year-old woman was admitted to a local hospital because of low-grade fever, general fatigue, and appetite loss that had persisted for 1 month. There was no history of previous admission or kidney disease. Serum creatinine level 1 year before the admission was 0.59 mg/dL as per her medical records. There was no remarkable familial history, drug history, or allergic history. She was a homemaker and a non-smoker. After admission, she developed oliguria, with a serum creatinine level of 16.2 mg/dL; hemodialysis was started. She had positive-serum MPO-ANCA (64.3 U/ mL, normal range < 3.5 U/mL) and anti-GBM Ab (191 U/ mL, normal range < 2.0 U/mL). Serum cryoglobulin was negative. At day 13, she presented with hemoptysis and was transferred to our hospital. At that time, her body temperature was 37.3 °C, and oxygen saturation level on room air remained at 98%. She had pale conjunctiva, fine crackles in her left lung base, and mild pitting edema in both lower legs. As shown in Table 1 , laboratory tests revealed a low hemoglobin level (6.8 g/dL), a mild increase in the white blood cell count, low albumin level (2.2 g/dL), elevated serum creatinine level (8.45 mg/dL), and high C-reactive protein level (6.25 mg/dL). Urine tests showed proteinuria and hematuria. Chest computed tomography (CT) showed consolidation shadows in both the lungs, dominant on the dorsal inferior lobe of the left lung (Fig. 1a, b) , indicating diffuse alveolar hemorrhage. She was diagnosed with PRS, based on renal dysfunction, diffuse alveolar hemorrhage, and the coexistence of MPO-ANCA and anti-GBM Ab.
As shown in Fig. 2 , hemodialysis was continued, and plasma exchange was started immediately. Methylprednisolone pulse therapy was administered at 1000 mg/day for 3 days followed by oral prednisolone therapy. Hemoptysis reduced within 2 weeks; however, renal function was not restored. The levels of both, anti-GBM Ab and MPO-ANCA, decreased promptly. Two months thereafter, she was discharged on maintenance hemodialysis with low-dose prednisolone therapy. Levels of MPO-ANCA and anti-GBM Ab further decreased to reach the normal range at 4 and 10 months, respectively, after disease onset. The repeated CT performed at 12 months showed almost complete alleviation of pulmonary hemorrhage (Fig. 1c, d ).
However, MPO-ANCA turned positive again at 18 months and remained positive without clinical exacerbation or elevation in the CRP levels. The prednisolone dose was slightly increased from 3 to 5 mg/day based on the rise in the MPO-ANCA. At 35 months, anti-GBM Ab also became positive (5.7 U/mL). At 36 months, she suddenly developed hemoptysis with a rapid increase in the anti-GBM and MPO-ANCA levels (35 U/mL and 69.9 U/mL, respectively), and a mild elevation in the CRP levels (0.4 mg/dL) (Fig. 2) . She was admitted with a diagnosis of a relapse.
At re-admission, chest CT identified multiple groundglass opacities in the whole lung fields (Fig. 1e, f) , and bronchoscopy revealed blood in the airways, indicating alveolar hemorrhage. Relapse was diagnosed; plasma exchange and methylprednisolone pulse therapy at 1000 mg/day for 3 days were re-started. Pulmonary hemorrhage reduced; the MPO-ANCA and anti-GBM Ab levels decreased to within the normal range. She was discharged 1 month thereafter, with low-dose prednisolone and azathioprine as maintenance therapy; she was in remission at 2 years after the relapse (Fig. 2) .
Discussion
Clinical features of double-seropositive PRS or RPGN patients have been documented in previous studies (Table 2 ) [3-5, 7, 9, 11-13] ; the age at the onset ranged from 55 to 69 years, commensurate with those in MPO-ANCA singlepositive patients and higher than those for anti-GBM Ab single-positive patients. The serum creatinine levels at presentation ranged from 3.5 to 10.3 mg/dL, comparable to those in anti-GBM Ab single-positive patients and higher than those in ANCA single-positive patients. Pulmonary hemorrhage, which is associated with high mortality [3, 5, 7] , was present in 38-77% of the patients, similar to the percentage in anti-GBM Ab single-positive patients and higher than that in ANCA single-positive patients. Renal survival rate ranged from 0 to 53% at 1 year, slightly worse than that in anti-GBM Ab single-positive patients and considerably worse than that in ANCA single-positive patients. These data indicate that the clinical presentation at onset and short-term outcomes in the double-seropositive patients are similar to those in anti-GBM patients, except for the older age. However, double-seropositive patients reportedly have different characteristics from those with anti-GBM disease with respect to the long-term aspects. The clinical course of anti-GBM disease is generally monophasic and a recurrence of either clinical conditions or autoantibody production is extremely rare following the disappearance of anti-GBM Ab [14] . A recent large multicenter cohort study reported relapse rates of 22% and 37% for double-seropositive patients and ANCA single-positive patients, respectively, while no relapse was observed in anti-GBM Ab singlepositive patients; thus, frequency of relapse is more similar to that in ANCA single-positive patients rather than that in anti-GBM Ab single-positive patients [3] . It is noteworthy that ANCA were positive but anti-GBM Ab were negative at relapse in seven of the eight relapsing double-seropositive patients in the above-mentioned multicenter study, and only one patient became double-seropositive again at relapse [3] . To our knowledge, our patient represents the second case of double-seropositive PRS or RPGN wherein not only ANCA, but also anti-GBM Ab became positive at relapse. We note that another course of double-positive serology in relapsing RPGN cases was reported, in that ANCA were present but anti-GBM-Ab were absent at initial diagnosis, while both antibodies were present at the relapse [15, 16] . The mechanisms of the association between ANCA and anti-GBM Ab in double-seropositive patients are not well understood [3, 8] . Serrratrice et al. reported the case of a patient with anti-GBM disease who initially experienced AAV and suddenly developed anti-GBM disease 3 years thereafter [15] . They hypothesized that ANCA-associated damage to the GBM uncovers "hidden antigens" from the GBM and induces the formation of anti-GBM Ab [15] . It is noteworthy that patients with double-positive serology were shown to have anti-GBM Ab not only against α3(IV)NC, a well-known target of anti-GBM disease, but also against other components in GBM, suggesting that ANCA-associated damage to GBM uncovers a wide spectrum of GBM components [17] . In our case, both, MPO-ANCA and anti-GBM Ab were already positive at presentation and the sequence of production of these antibodies before disease onset is unknown. However, after remission, careful monitoring of both the antibodies demonstrated that reappearance of ANCA preceded that of anti-GBM Ab by 17 months, and there was no clinical exacerbation in the meanwhile. Thereafter, the patient experienced lung hemorrhage with a rapid rise in the level of both antibodies. In our case, we hypothesize that the reproduced ANCA alone were insufficient to induce lung hemorrhage. However, the combination of ANCA and additional causal factors, such as viral infection, evoked subclinical inflammation in the lungs and disrupted the lung basement membrane, triggering reproduction of anti-GBM Ab. Thereafter, synergistic effects of ANCA and anti-GBM Ab may have led to lung hemorrhage.
In our case, we did not perform kidney biopsy. Thus, we did not observe deposition of anti-GBM antibody, and could not rule out other possible causes of RPGN. We acknowledge that this is a limitation of our report.
To conclude, we present a rare case of PRS that relapsed with sequential elevation of ANCA and anti-GBM Ab. Our case is unique in that both Ab levels were serially measured after the remission, and the sequential reappearances of these antibodies were identified before the relapse. Our observation may provide insights into the pathogenesis of PRS with double-positive serology. 
